Produced water is one of the greatest concerns in oil industry due to the quantities of this effluent produced and the negative environmental impacts that it can cause. Based on these considerations and on the difficulty in removing emulsified oil in water, the study of methods to treat this effluent becomes of great relevance. The use of computational fluid dynamics is an alternative to solve this problem for the economical and time advantages it presents, and the possibility of achieving reliable results. This paper studies the use of a coalescer bed to treat oil/water mixture behavior. Results of droplets distribution, size, oil flow, and fluid dynamics equipment behaviour are analyzed and discussed.
INTRODUCTION
Produced water is the main effluent generated by oil exploration and it is one of the biggest concerns in oil industry due to the quantities it produces and the fact that it generates several kinds of waste that can lead to environmental problems (Martins, 2015) . According to Silva (2000) , produced water usually contains high salinity, suspended oil particle, chemicals added during the production process, heavy metals, and it may contain radioactivity, making it a pollutant difficult to dispose in the environment.
Among these components, the oil is highlighted due to its low biodegradability, its tendency to accumulate in the surface, and for the fact that it may cause a limitation in the rate of oxygen transfer between air and liquid, causing negative impacts on water receptors (Metcalf, 1991, apud Lopes 1999). Therefore, it becomes critical to separate the oil present in produced water. Such process can be done using various methods and equipments, such as adsorption, hydrocyclones, flotation, demulsification, and filtration (Ahmadun et al., 2009).
Oil can be present in produced water in its free form, emulsified, and dissolved. This latter form is a cause of greater concern due to the difficulty of its removal (Motta et al., 2013 ). An emulsion is formed when one liquid disperses in another in the form of droplets, and they are immiscible with each other (Schramm, 1992, apud Lida et al.
2007).
Differently from that present in the free form, when the droplets are larger than 100 μm and are removable with the use of gravitational separators, the emulsified oil, due to its smaller diameter, can constitute a very small and dispersed fraction, making its coalescence and separation a difficult process ( In view of the necessity to remove the oil from the produced water and due to the economic importance of the petroleum activity, studies related to techniques that promote this separation are highly relevant, as well as the ones addressing the use of other methods that can remove emulsified oil. Among such available study methods, Computational Fluid Dynamics (CFD) has had notoriety and has been widely used to analyze problems involving produced water treatment. The main advantage of CFD is the reduction in the number of experiments and the possibility of numerical analysis of several important parameters in the problem studied (Coelho, 2011), such as pressure, saturation, and velocity fields. Therefore, the study of a coalescer bed behavior performed in CFD environment can increase the comprehension and validation of phenomena involving the interaction between fluid and porous medium.
This work has the objective of analyzing the coalescence and separation of an oil-in-water mixture in a coalescer column using the CFD software Ansys ® CFX 13.0. After modelling and simulation, one could observe the saturation level of dispersed phase to indicate the degree of coalescence and the superficial velocity field with the goal of finding the better operational range for this property. All the parameters analyzed were compared with other results found in literature. In addition, this study tried to establish a process trend with the objective of padronizing the coalescer column operation.
METHODOLOGY

Geometry and Mesh
For the proposed analysis, a geometry was gererated using the software Ansys ® ICEM CFD, based on the equipment used by Dacal (2017), corresponding to a porous bed with a length equal to 5 cm and an inclined column with total length of 85 cm. In Figure 1 it is possible to observe the geometry corresponding to the analyzed porous bed.
The geometry corresponding to the proposed coalescer bed has the following general characteristics according to Table 1 .
Based on the geometry elaborated, a tetrahedral unstructured mesh was generated to represent the control volume to be analyzed. unstructured meshes are well suited for curve geometries. The mesh generated and its characteristics can be observed, respectively, in Figure 2 and in Table 2 .
Mathematical Modeling
To solve the proposed problem, the study used a model based on the principles of mass and momentum conservation, assuming the following considerations:
 Isothermal and incompressible flow;  Transient state;  Gravitational effects;  Three-dimensional domain;  Constant fluid properties;  There inexistence of chemical reactions.
This modeling used the Eulerian-Eulerian formulation, in which the oil was considered the dispersed phase in the particle model. This formulation, also known as a multifluid approach, consists of an extension of single-phase mathematical modeling to multiphasic flow. It is characteristic of this type of formulation that the interactions between phases are expressed in a continuous form, being necessary the correct determination of the control volume so that it has representative properties such temperature and velocity (Marinho, 2012).
Equations for the fluid domain
To represent the phonomena that occurred in the fluid domains, the equations of mass e momentum conservation were applied, see Equations 1 and 2 (Munson, 2002).
(1) (2) In Equation 1, the first term refers to the mass variation in control volume over time, while the second is the mass flow in the control surface (Munson, 2002) . In Equation 2, the first term refers to the rate of change of the linear momentum in the control volume over time, and the second term represents the liquid flow of linear momentum in control surface (Munson, 2002) . Finally, represents the field and superficial forces acting on the control volume (Munson, 2002). In the above equations, is the specific mass, V is the volume, is the normal vector to the control surface, and A is the control surface area.
Equations for porous domain
To represent the phenomena to be observed in porous domain, the study used the equations of mass and momentum conservation, represented, respectively, by Equations 3 and 4 (Ahmed, 2000).
In the equations above, is the specific massa, is the absolute porosity of the porous domain, , are the components of the velocity vector, K is the absolute permeability, μ is the viscosity of the fluid, is the acceleration of gravity, is the pressure gradient, and is the height variation. Equations 3 and 4, respectively, represent the mass conservation in porous media; and the Darcy's Law that is relative to momentum conservation in a porous volume.
Drag model
To obtain results closer to the reality in the proposed model, the study used the drag model developed by Ishii and Zuber (1979). The model analyzes the relative movement between two phases for dispersed flows, comparing the experimental data obtained from a series of particles concentration intervals and the Reynolds number. From the results obtained in their experiments, the researchers developed a model able to represent the characteristics of fluid Table 2 . Mesh generated characteristics.
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particle systems for higher Reynolds numbers or higher concentration regimes.
Coalescence model
To represent the coalescence phenomenon, this study chose the proposed model by Prince and Blanch (1990). This model represents bubbles coalescence considering the collision between them due to the turbulence, flutuability, laminar shear, and coalescence efficiency of the collisions, as well the separation as a function of the interaction with turbulent swirls.
Prince and Blanch model assumes that the coalescence of two bubbles occurs in three steps. First, there is a clash between them, with the entrapment of a small mass of fluid. Then, the entrapped fluid is drained until the film that separates the bubbles reaches a critical thickness. Following, there is a rupture, and the particles come together (Ansys, 2011). The coalescence time can be represented by Equation 5. (5) Where is the initial film thickness of the bubble, is the critical film thickness, when the rupture occurs, is the specif mass of the fluid, is the interfacial tension and is the coalescing time. The time in which the bubbles remain in contact depends on their size and the intensity of the turbulence. High levels of turbulence increase the probability that the swirls separate the particles, while the increase in size expands the contact area between them. According Levich (1963), the contact time between two bubbles can be represented by Equation 6.
(6) Where is the particle radius, is the energy dissipation rate per mass, and is the contact time.
According to Chester and Hoffman (1982), Equation 7 represents the coalescence equivalent radius for bubbles with different diameters. (7) Where is the radius of a particle resulting from the union of two other particles with diameters equal to and . Tables 3, 4 , 5 and 6, respectively, list the physical properties of fluids, the properties of coalescer bed, and the initial and boundary conditions of the control volume analyzed.
Boundary conditions and physical properties of fluids
In the analyzed problem, the oi is the dispersed phase and the water the continuous one. An oil/water surface tension of 0.027 N.m -1 was adopted. The emulsion is a mixture composed of water and an oil phase that is represented by a polydispersed fluid with groups of particle diameters ranging from 50 μm and 100 μm, according to the modeling adopted.
The porous domain was considered isotropic. A maximum of 10 interactions per timestep and a Mean Quadratic Residue equal to 10 -6 were adopted. Each timestep represents a part of the total time after discretization.
Case analyses
Studies using two different timesteps were used, resulting in the analysis of two cases: (1) with timesteps of 60 seconds; and (2) with timesteps of 15 seconds. For both cases, a polydispersed fluid composed of ten different size groups: 50, 60, 65, 70, 75, 80, 85, 90, 95 , and 100 μm represented the oil.
The groups that compose the emulsion, in both cases, have the same volume fraction on initialization and on inlet flow.
Studies were performed with emphasis on the following aspects:
 Equipment operation;  Coalescence phenomena;  Fluid dynamics aspects.
RESULTS AND DISCUSSION
Equipment operation
In Figure 3 , it is possible to observe the operation behavior of the mass flow of oil at the outlet of the equipment in comparison to the inlet flow for and inlet flow equal to 85 L/h after simulation for both cases (1) and (2).
For a better understanding of Figure 3 , a division of the oil mass flow behaviour in three parts was inserted into the graph. The first (I), called "starting", is characterized by an increasing flow and, after few moments, a decreasing oil flow in the outlet. The starting stage can be understood as the time interval in which the oil present at the initial time (t = 0 s) is swept from the domain, i.e. there is high flow of oil in the outlet due to the small ascent rate and coalescence of the oil present in the back part of the porous domain. In this first stage, the results obtained in the cases analyzed differ significantly in the amount of oil leaving the equipment. Case (2) presents a higher rate than case (1). One can also observe the occurrence of oil flow oscillation on this stage for the second case.
Then, there is a second increase in the amount of oil, which marks the beginning of the second phase (II), called "transition." At this stage there is the arrival of the oil initially present in the equipment, which begins to enter the equipment. At this stage, there is still oil to be swept from the initial condition, and oil accumulation begins at the final stretch of the domain. The transition stage is characterized by the instability of the output oil rate for both results obtained, which is more notable using case (2) modeling. Figure 3 , which had a lower flow rate. However, it is possible to notice that the increase of flow in the system causes the reduction of the duration in the initial stages, starting and transition. Consequently, it reaches a seemingly stationary state earlier for case (2). This response was also observed when analyzing the behaviour of the volumetric fraction of oil with time in the system ( Figure 6 ). Based on the results obtained for case (2), Figure 7 proposes a graph for coalescing beds that operate under the conditions analyzed.
In Figure 7 , it is possible to observe the stages previously described in Figure 6 : starting (I), transition (II), and operation (III). The stages are consistent with the initial and boundary conditions applied, and with durations dependent on the input flow used. 
Coalescence phenomena
To evaluate the occurrence of coalescence in the model analyzed, vertical planes were created in the domain to observe the spatial distribution of the dispersed phase. In Figure 8 , it is possible to visualize this spatial distribution of the 50 μm group for different scales. The region studied was between the inlet region and the beginning of the porous bed. 
Fluid dynamics aspects
To assist in the analysis of the fluid dynamic behaviour of the equipment, stream lines were created in the domain for the water and oil phases, respectively. See Figure 9 .
Due to density differences between oil and water, there is a tendency of rising for the dispersed phase (oil) caused by the buoyancy, which is intensified with the increase of particle diameter, i.e., after coalescence phenomenon. Such behaviour can be observed by comparing the stream lines of both phases. 
CONCLUSIONS
Based on the results obtained using the modeling proposed and on Prince and Blanch Model, it was possible to observe a strong influence of time discretization in equipment behavior. Case (2), which had a greater number of timesteps, showed an agreement with the researched literature pertaining the operational proceedings of the equipment. This can be explained by the greater proximity of the 15-second timestep of the time scale in which the coalescence phenomena occur in comparison with those of 60 s.
One could also observe that minor oil particles tended to join each other through collision between them, and by contact with a porous material saturated with oil. This phenomenon also was in agreement with the literature and showed high efficiency in using the Prince and Blanch Model to describe coalescence.
The modeling used in case (2) can also be validated with further experiments, as well as enhanced with the insertion of parameters that will provide a better reproducibility of the real behaviour, such as solid-fluid interaction and calibration of the coalescence model.
It is crucial to emphasize the importance of reducing turbulence in the equipment to promote coalescence, as observed in the fluid dynamic analyses. This reduction can be done in two ways. The first one is based in the modification of the properties of the porous bed: the increase of the permeability can avoid zones of pressure drop that favor the formation of vortices. The other way is using different equipment designs, which would reduce vorticity, especially close to inlet and discharge zones. 
